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Aims/Introduction. To investigate whether the occurrence of early worsening of diabetic retinopathy in patients with type 2 diabetes
diagnosed with simple or preproliferative diabetic retinopathy at their first visit differed according to HbAlc reduction and/or
treatment intensification. Materials and Methods. Our study design was a retrospective observational study. Subjects with type 2
diabetes diagnosed with either simple or preproliferative diabetic retinopathy by ophthalmologists at their first visit and
followed up for 6-18 months thereafter were included and divided into worsening and nonworsening groups. Thereafter,
baseline characteristics and changes in HbAlc and therapy over a year were investigated. Results. Among the 88 subjects with
simple diabetic retinopathy, 16% improved to no retinopathy, 65% retained their simple diabetic retinopathy, 18% worsened to
preproliferative diabetic retinopathy, and 1% worsened to proliferative diabetic retinopathy. Among the 47 subjects with
preproliferative diabetic retinopathy, 9% improved to simple diabetic retinopathy, 72% retained their preproliferative diabetic
retinopathy, and 19% worsened to proliferative diabetic retinopathy. Patients with simple diabetic retinopathy had an odds ratio
of 1.44 for worsening retinopathy with a 1% increase in baseline HbAlc. Meanwhile, the odds ratios for worsening retinopathy
with a 1% decrease in HbAlc from baseline at 3, 6, and 12 months were 1.34, 1.31, and 1.38, respectively. Among patients with
simple diabetic retinopathy, significantly more new interventions were introduced in the worsening group than in the
nonworsening group. Conclusions. Increased baseline HbAlc, a substantial decrease in HbAlc, and intensified therapy were
identified as risk factors for early worsening of diabetic retinopathy in patients with simple diabetic retinopathy at the first visit.
Patients should therefore be intimately followed for retinopathy after their first visit.

1. Introduction

Diabetic retinopathy (DR) remains one of the major micro-
vascular complications of diabetes, with severe cases possibly
leading to blindness among adult patients. DR has two main
stages, namely, nonproliferative (NPDR) and proliferative

diabetic retinopathy (PDR) [1]. Accordingly, NPDR pro-
gresses from mild, moderate, and then severe [2], whereas
the incidence of PDR increases as the baseline retinopathy
stage worsens as shown in previous reports [3, 4]. The mod-
ified Davis classification [5-7] has commonly been used for
grading retinopathy. Simple diabetic retinopathy (SDR) can
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be characterized by hard exudates, capillary aneurysms, or
abnormal capillary aneurysm lesions. Meanwhile, preproli-
ferative DR (PPDR) can be characterized by intraretinal
hemorrhage, definite venous beading, definite intraretinal
microvascular abnormalities, or soft exudates.

Studies have documented that the duration of diabetes
[4], the high levels of HbA1lc, blood pressure, and body mass
index (BMI) [8], were risk factors for the onset and progres-
sion of DR. Compared with conventional glycemic control,
intensive therapy has been known to reduce the progression
of retinopathy in patients with both type 1 [9] and type 2
[10-13] diabetes. However, several reports have indicated
that intensive therapy and/or substantial HbAlc reduction
may be associated with early worsening of DR (EWDR) in
patients with both type 1 [9, 14, 15] and type 2 [16-18] dia-
betes. Moreover, other specific and nonspecific risk factors
for EWDR, unrelated to ordinary DR worsening, have been
reported, including prolonged duration of diabetes, high
baseline HbAlc levels, history of DR [3, 9, 14, 16, 17], and
bariatric surgery [19, 20]. Furthermore, no current agree-
ment exists regarding the appropriate timing of HbAlc
reduction [21].

The current study retrospectively investigated whether
the occurrence of EWDR in patients with type 2 diabetes
diagnosed with SDR at their first visit differs according to
baseline HbAlc, abruptness in HbAlc reduction, and treat-
ment intensification.

2. Materials and Methods

2.1. Subjects. A total of 2334 patients with type 2 diabetes ini-
tially visited the Division of Diabetes and Metabolism, the
Institute of Medical Science, Asahi Life Foundation
(n=2045), or the Department of Endocrinology and Diabe-
tes, Saitama Medical University Hospital (n = 289) for glyce-
mic control or diabetic education from January 2006 through
October 2015. The subjects were evaluated for retinopathy
either at the Institute of Medical Science, Asahi Life Founda-
tion, or at the Saitama Medical University Hospital. Ophthal-
mologists observed and sketched the entire area with
mydriasis, and retinopathy was classified into four stages of
severity according to the modified Davis classification: no
retinopathy, SDR, PPDR, proliferative retinopathy (PDR),
or photocoagulation. Fundus photographs were obtained
when there was a change in fundus findings or when fluores-
cein angiography was performed. Subjects were classified as
SDR by the presence of hard exudates, capillary aneurysm,
or abnormal capillary aneurysm lesions, and they were classi-
fied as PPDR by the presence of intraretinal hemorrhage, def-
inite venous beading, definite intraretinal microvascular
abnormalities, or soft exudates. We included subjects diag-
nosed with SDR or PPDR following ophthalmologic exami-
nations within 6 months after their first visit and those who
underwent fundus examinations two or more times within
6-18 months after their first examination. Among these sub-
jects, those who did not undergo the first fundus examina-
tions prior to HbAlc measurement 3 months after the first
visit or the last fundus examination after HbAlc measure-
ment at 12 months were excluded. When differences in the
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classification of both eyes were present at the first visit of
patients, the worse one was used. Worsening retinopathy
was defined as disease stage progression after the first visit.
For those who visited ophthalmologic clinics several times
after their first visit, findings during the period closest to 12
months after their first visit were used.

2.2. Laboratory Tests and Statistical Analysis. Baseline
demographic information, such as sex, age, disease duration,
blood pressure, BMI, biochemical profiles, and use of statins
and antihypertensive agents, was collected as previously
described [22]. Previous medications taken before the first
visit and new interventions provided were also determined.

Patients were categorized into four groups according to
previous medications taken before their first visit: “none,”
“nonsulfonylurea (non-SU),” sulfonylurea (SU),” and “insu-
lin,”, respectively. “None” indicates patients taking neither
oral hypoglycemic agents nor insulin. “Non-SU” indicates
those taking antidiabetics except for insulin, SU, or glinides.
“SU” indicates those taking SU or glinide, including combi-
nations of other hypoglycemic agents, except for insulin.
“Insulin” indicates those taking insulin, including any combi-
nation of hypoglycemic agents. Patients were also categorized
according to new interventions received at their first visit
based on the treatment stages of their previous medications.
For instance, when “non-SU” patients received other non-
SU agents as their new intervention, the new intervention
was categorized as “none” given that no treatment intensifi-
cation on the subsequent stage occurred. Moreover, when
patients with no prior medication received insulin and gli-
nide, the new intervention was categorized as “insulin.”
Therapy intensification was defined as “yes” when any new
intervention was confirmed and “no” when no new interven-
tions were received.

HbAlc levels were assessed at the first visit, as well as
after 3, 6, and 12 months: baseline HbAlc, 3M HbAlc, 6 M
HbAlc, and 12 M HbAlc, respectively. Thereafter, the mag-
nitude of HbA1c reduction 3, 6, and 12 months after the first
visit was determined by subtracting baseline HbAlc levels
from 3M HbAlc, 6 M HbAlc,and 12 M HbA ¢, with HbAlc
reduction being indicated by “A” (A3M HbAlc, A6M
HbAlc, and A12M HbAIc, respectively). To assess HbAlc
reduction during the follow-up period, the magnitude of
HbAlc reduction at 3 and 6 months (A3M HbAlc and
A6 M HbAlc) was subtracted from that at 12 months
(A12M HbAlc): A12M-A3M HbAlc and Al12M-A6M
HbAlc.

After the aforementioned procedures, multiple logistic
regression analysis adjusting for age, sex, BMI, and use of
antihypertensive agents was performed by using retinopathy
progression as the objective variable and baseline HbAlc,
A3M HbAlc, A6 M HbAlc, A12M HbAlc, and treatment
profiles as explanatory variables in patients with SDR to cal-
culate the odds ratios.

Retinopathy progression was evaluated by dividing
patients with SDR into two groups according to retinopathy
findings after treatment initiation, namely, worsening and
nonworsening groups. Both groups were then compared in
terms of other collected variables.
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TaBLE 1: Summary of the clinical characteristics of patients with simple and preproliferative diabetic retinopathy.
SDR PPDR
Total Nonworsening ~ Worsening Total Nonworsening Worsening
(n=288) (n=71) (n=17) (n=47) (n=38) (n=9)

Age (years) 58 £10 59+£10 54+11 52+8 52+8 53+9
Sex (% male) 80 94 79 82 67
Duration of diabetes (years) 9<4,15> 10<4,17> 7<1,11> 9<3,15> 9<4,15> 7<1,13>
Body mass index (kg/m?) 25.0+3.8 252+3.8 24.1£3.6  25.8+4.9 26.1+5.3 24.6+2.4
Newly diagnosed diabetes (%) 14 18 6 5 11
Efgg;‘if;%‘fg;’;ﬁghn 33/5/45/17  30/3/46/21  47/12/41/0  36/13/36/15  26/16/42/16  78/0/11/11
New intervention (%)
None/non-SU"/SU*/insulin 64/6/15/15 70/6/11/13 35/12/29/24  62/11/4/23 68/11/0/21 33/11/22/33
Therapy intensification (% yes) 36 65 38 32 67
Use of statins (%) 28 24 36 37 33
Use of antihypertensive agents (%) 53 29 51 45 78
Baseline HbA1c (%) 9.1+2.0 89+1.9 10.3+1.8 9.5+1.9 94+19 9.8+2.3
3M HbAIc (%) 74+1.1 7.3£0.9 7.8+1.5 7.6x1.2 7.8+1.3 7.0£0.7
6 M HbAlc (%) 72%1.1 7.1x£1.0 74+1.4 73x1.1 74%1.0 6.9+1.2
12 M HbA1lc (%) 7.1+1.0 7.1+0.9 7.0+1.2 74+1.1 7.5+1.1 6.8+0.9
A3 M HbAlc (%) -1.7+1.8 -15+1.8 2515 -1.9+19 -1.7+1.8 -2.8+2.2
A6 M HbAlc (%) -1.9+2.0 -1.7+19 -2.9+2.0 -2.2+19 -2.1+1.7 -29+2.6
A12M HbAlc (%) -1.9+2.0 -1.7+£2.0 -3.1+1.7 -2.1%+1.8 -19+1.6 -3.0x+2.2
Baseline systolic blood pressure (mmHg) 13718 138 £19 135+16 142 +24 142 +£23 142 £29
Baseline diastolic blood pressure (mmHg) 81+14 81+14 83+11 85+ 15 86+ 15 81+ 15
Baseline triglyceride (mg/dL) 142;9104’ 164;:3104’ 1317 6259, 12147235’ 131 < 85, 198> 1012 4238’
Baseline total cholesterol (mg/dL) 210+ 63 212+ 64 203 £56 208 + 45 206 + 49 217 £ 24
Baseline high density lipoprotein (mg/dL) 51+13 52+ 14 50+ 12 55+ 14 54+ 14 60+ 11
Baseline low density lipoprotein (mg/dL) 116 +36 113 +30 126 £55 122 +41 123 +44 120+ 19
?;;e/lgg non-high-density lipoprotein 159 + 63 161+ 65 152 +57 153 + 44 152 + 47 156 + 26
Creatinine (mg/dL) 0.8+0.3 0.8+0.3 0.7+0.2 0.7+0.2 0.7+0.2 0.7+0.2
Uric acid (mg/dL) 52+1.2 52+1.1 51+1.4 54+1.3 54+14 55+0.9
Urinary albumin/creatinine ratio 12<7,36>  11<6,32>  13<11,50> 29<11,110> 29<11,122> 35<16,99>

(mg/gCre)

rd

Variables are expressed as mean + standard deviation or median < 1% quartile, 3" quartile>. "Nonsulfonylurea. *Sulfonylurea.

This study was approved by the Ethics Committees of
both the Institute of Medical Science, Asahi Life Foundation
(approval number 10302-5-A), and Saitama Medical Univer-
sity Hospital (approval number 18123.03). All clinical inves-
tigations were conducted in accordance with the tenets of
the Declaration of Helsinki. All statistical analyses were
performed using JMP version 14.2 (SAS Institute Inc.), with
p <0.05 indicating statistical significance during regression
analysis.

3. Results

According to the results of the fundus examination, we
obtained 109 SDR and 63 PPDR subjects, and 88 SDR and

47 PPDR subjects could be included in the analyses of the
comparison between EWDR and patients’ characteristics,
including HbAlc changes, as per the inclusion criteria.
Table 1 summarizes the patients’ characteristics at their first
visit. Accordingly, patients with SDR and PPDR, 80% and
79% of whom were male, had a mean age of 58 + 10 and 52
+ 8 years, diabetes duration of 9 (4, 15) and 9 (3, 15) years,
BMI (kg/m®) of 25.0+3.8 and 25.8+4.9, percentage of
newly diagnosed diabetes of 14% and 6%, baseline HbAlc
0f 9.1% £ 2.0% (range 5.9%-13.9%) and 9.5% + 1.9% (range
5.6%-13.9%), A3M HbAlc of —1.7% + 1.8% (range —7.5%—
1.2%) and —1.9% + 1.9% (range —7.3%-1.2%), A6 M HbAlc
of -1.9% +2.0% (range —8.8%-1.5%) and —2.2% +1.9%
(range —6.4%-1.1%), A12M HbAlc of —1.9% + 2.0% (range
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TaBLE 2: Univariate logistic regression analysis for retinopathy progression in patients with simple diabetic retinopathy.
OR 95% CI p value AUC Cutoff value
Age (+1 years) 0.95 0.90-1.00 0.09
Sex (males) 5.03 0.92-94 0.13
Diabetes duration (+1 years) 0.93 0.85-0.99 0.05
Body mass index (+1 kg/m?) 0.92 0.79-1.06 0.28
Newly diagnosed diabetes (yes) 1.48 0.30-5.72 0.59
New intervention (nonsulfonylurea vs. none) 4.17 0.50-26.8 0.16
New intervention (sulfonylurea vs. none) 5.21 1.25-21.7 0.02"
New intervention (insulin vs. none) 3.70 0.81-15.8 0.09
Therapy intensification (yes) 4.37 1.47-14.2 0.01°
Use of statins (yes) 0.73 0.19-2.35 0.62
Use of antihypertensive agents (yes) 0.29 0.08-0.86 0.03
Baseline HbAlc (+1%) 1.44 1.10-1.94 0.01° 0.73 9.8
3M HbAlc (+1%) 1.51 0.92-2.54 0.10
6 M HbAlc (+1%) 1.25 0.75-2.07 0.39
12 M HbAlc (+1%) 0.90 0.49-1.60 0.74
A3 M HbAlc (-1%) 1.34 1.00-1.82 0.05 0.71 -1.6
A6 M HbAlc (-1%) 1.31 1.00-1.74 0.048° 0.69 -1.5
A12M HbAlc (-1%) 1.38 1.06-1.83 0.02 0.75 -1.6
A12M-A3 M HbAlc (-1%) 2.04 1.12-4.30 0.03" 0.67 -0.6
A12M-A6 M HbAlc (-1%) 2.96 1.34-6.96 0.01° 0.73 -0.4
Baseline systolic blood pressure (mmHg) 0.99 0.96-1.02 0.61
Baseline diastolic blood pressure (mmHg) 1.01 0.97-1.05 0.60
Baseline triglyceride (mg/dL) 1.00 0.99-1.00 0.16
Baseline total cholesterol (mg/dL) 1.00 0.99-1.01 0.57
Baseline high density lipoprotein (mg/dL) 0.99 0.95-1.03 0.70
Baseline low density lipoprotein (mg/dL) 1.01 0.99-1.03 0.25
Baseline non-high-density lipoprotein (mg/dL) 1.00 0.98-1.01 0.61
Creatinine (mg/dL) 0.27 0.02-2.28 0.30
Uric acid (mg/dL) 0.91 0.57-1.42 0.67
Urinary albumin/creatinine ratio (mg/gCre) 1.00 0.99-1.00 0.91
0 <0.05.

—8.4%-0.9%) and —2.1% + 1.8% (range —6.3%-0.9%), and
baseline urinary albumin creatinine ratio of 12 (7, 36) and
29 (11, 110) mg/gCre, respectively. Among subjects with
SDR at their first visit, 16% (14 patients) improved to no ret-
inopathy, 65% (57 patients) retained their SDR, 18% (16
patients) worsened to PPDR, and 1% (one patient) worsened
to PDR. Meanwhile, among those with PPDR at their first
visit, 9% (4 patients) improved to SDR, 72% (34 patients)
retained their PPDR, and 19% (9 patients) worsened to PDR.

Logistic regression analysis for the worsening (17
patients) and nonworsening groups (71 patients) revealed
an odds ratio of 1.44 for the worsening retinopathy with a
1% increase in baseline HbAlc level (Table 2). Moreover,
the odds ratios for worsening retinopathy with a 1% decrease
in A3M HbAlc, A6 M HbAlc, and A12M HbAlc were 1.34,
1.31, and 1.38, respectively. The odds ratios for worsening
retinopathy with a 1% decrease in A12 M-A3 M HbAlc and
A12M-A6M HbAlc were 2.04 and 2.96, respectively. The
cutoff values of A3M HbA1lc, A6 M HbAlc, A12M HbAlc,

A12M-A3M HbAlc, and A12M-A6 M HbAlc maximized
the sum of sensitivity plus specificity —1 (Youden index) for
worsening retinopathy were —1.6% (area under the curve
0.71), —1.5% (0.69), —1.6% (0.75), —0.6% (0.67), and —0.4%
(0.73), respectively. These cutoft values remained almost
constant regardless of the duration of HbAlc decrease.
Moreover, those not taking antihypertensive agents exhibited
significantly greater retinopathy worsening. No associations
were observed between retinopathy progression and sex,
statin use, baseline blood pressure, lipid, creatinine, uric acid
levels, and urinary albumin creatinine ratio.

The relationship between EWDR and previous medica-
tion or new intervention determined using the Cochran-
Armitage trend test is presented in Figure 1. Among patients
with SDR or PPDR, those who did not receive previous med-
ications tended to have worsening retinopathy. Among
patients with SDR, the new intervention tended to signifi-
cantly intensify in the worsening group, whereas among
patients with PPDR, the new interventions did not differ
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FIGURE 1: Rates of previous medication and new interventions in a patient with simple diabetic retinopathy (a, b) and preproliferative diabetic
retinopathy (¢, d). Cochran-Armitage trend test was performed, with p < 0.05 indicating statistical significance (x). The X-axis classifies
patients into four categories: none (1), nonsulfonylurea (2), sulfonylurea (3), or insulin (4). The width represents the number of patients
classified. The Y-axis indicates the number of patients classified into two categories: worsening (blue) or nonworsening (red). Among
patients with SDR, those who received no previous medication tended to have worsening retinopathy (a). New intervention tended to
significantly intensify in worsening patients with SDR (b). Among patients with PPDR, those who received no previous medication tended

to have worsening retinopathy (c).

between both groups. Multiple logistic regression analysis was
then utilized by using retinopathy progression as the objective
variable and baseline HbAlc, A3M HbAlc, A6 M HbAlc,
A12M HbA ¢, and therapy intensification as explanatory var-
iables among patients with SDR (Table 3). Accordingly,
A12M HbA1c and baseline HbA1c were determined to be sig-
nificantly associated with EWDR after adjusting for age, sex,
BMI, and use of any antihypertensive agents. A3M HbAlc,
A6 M HbAlc, and A12M HbAlc were not independent of
therapy intensification and/or baseline HbAlc for EWDR,
and odds ratios of A3M HbA1lc and A6 M HbA1c were chan-
ged from more than 1.00 to less than 1.00. Moreover, the
decrease in HbAlc, baseline HbAlc, and therapy intensifica-
tion were confounded with each other for EWDR.

Figure 2 shows the correlation between baseline HbAlc
and AHbA1c in worsening and nonworsening patients with
SDR. Accordingly, high baseline HbAlc levels were found
to be associated with lower A3 M HbAlc, A6 M HbAlc, and
A12 M HbAlc similarly between worsening and nonworsen-
ing subjects. However, the distribution density showed that
the worsening group had greater baseline HbAlc distribution
at the high region and greater A3M HbAlc, A6 M HbAlc,
and A12 M HbAIc distribution at the low region compared
to the nonworsening group.

4. Discussion

The current study showed that a certain proportion of
patients with type 2 diabetes who were diagnosed with SDR

or PPDR at the first visit developed EWDR within one year.
Moreover, our results showed that reduced HbA 1¢, intensifi-
cation of hypoglycemic pharmacotherapy, and baseline
HbA1lc levels were associated with EWDR in subjects with
SDR. Unfortunately, no previous studies have determined
the rate of progression from SDR to PPDR, while the inci-
dence of PDR in patients with PPDR observed herein was
similar to that presented in previous reports [23, 24].

No current agreement exists on the timing of HbAlc
reduction to prevent EWDR [21]. Nonetheless, the present
study found that the relationship between EWDR and
HbA1lc reduction was independent of the timing of HbAlc
reduction, considering that the cutoff value of HbAlc reduc-
tion over time for retinopathy worsening remained almost
constant. Accordingly, our findings suggest that a 1.6%
decrease in HbAlc at any time within 12 months since the
first visit could be a risk factor for EWDR. No difference in
the ratio of baseline HbA1lc to HbAlc reduction during hos-
pital visits had been noted between patients with EWDR and
those who showed no retinopathy progression. Given the
correlation between baseline HbAlc levels and HbAlc
decrease, determining which variable contributed more to
EWDR remains challenging.

Among patients with SDR, EWDR increased when no
previous medication or new pharmacotherapy interventions
were introduced. However, the new intervention for EDWR
was not independent of HbAlc and AHbAlc. Treatment
selection may have been confounded with HbAlc reduction.
It should be noted that 27% of the subjects who did not
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TaBLE 3: Multivariate logistic regression analysis of possible factors for retinopathy progression in patients with simple diabetic retinopathy.

OR 95% CI p value
Model A3 M-1 A3M HbAlc (-1%) 1.30 0.92-1.89 0.14
Model A3 M-2 A3M HbAlc (-1%) 0.84 0.43-1.55 0.58
ode -
Baseline HbA1c (+1%) 1.61 0.95-2.97 0.08
Model A3 M-3 A3M HbAlc (-1%) 1.15 0.78-1.72 0.48
ode -
Therapy intensification (yes) 2.97 0.73-12.8 0.13
A3M HbAlc (-1%) 0.81 0.40-1.50 0.51
Model A3 M-4 Baseline HbAlc (+1%) 1.51 0.87-2.83 0.15
Therapy intensification (yes) 2.38 0.55-10.3 0.25
Model A6 M-1 A6 M HbAlc (-1%) 1.24 091-1.73 0.17
Model A6 M-2 A6 M HbAlc (-1%) 0.81 0.44-1.44 0.46
ode -
Baseline HbAlc (+1%) 1.67 0.94-3.07 0.08
Model A6 M-3 A6M HbAlc (-1%) 1.10 0.77-1.58 0.60
ode -
Therapy intensification (yes) 3.19 0.74-14.6 0.12
A6 M HbAlc (-1%) 0.75 0.40-1.37 0.36
Model A6 M-4 Baseline HbA1c (+1%) 1.59 0.88-2.96 0.13
Therapy intensification (yes) 2.73 0.60-12.4 0.19
194 Y
Model A12 M-1 A12M HbAlc (-1%) 1.42 1.04-2.03 0.03"
Model A12 M-2 A12M HbAlc (-1%) 1.25 0.66-2.50 0.50
ode -
Baseline HbAlc (+1%) 1.16 0.59-2.22 0.66
Model A12 M-3 A12M HbAlc (-1%) 1.29 0.91-1.90 0.17
ode -
Therapy intensification (yes) 248 0.57-11.3 0.23
A12M HbAlc (-1%) 1.20 0.62-2.43 0.58
Model A12 M-4 Baseline HbAlc (+1%) 1.09 0.55-2.12 0.81
Therapy intensification (yes) 241 0.54-10.7 0.25
Model baseline HbAlc Baseline HbAlc (+1%) 1.38 1.02-1.92 0.04'
Model therapy intensification Therapy intensification (yes) 3.21 0.94-11.7 0.06
Baseline HbAlc (+1% 1.26 0.90-1.80 0.19
Model baseline HbA1c + therapy intensification ) ) ( )
Therapy intensification (yes) 2.59 0.62-11.2 0.19

p<0.05.

receive previous medications for SDR were newly diagnosed
with diabetes; although it was unanalyzable, this high per-
centage of the subjects presumably influenced the detected
significance of the previous medication. Meanwhile, among
patients with PPDR, previous medication, and not therapy
intensification, affected EWDR, indicating that the retinopa-
thy onset might have preceded the first diagnosis. This spec-
ulation is supported by the considerably short diabetes
duration among patients with PPDR having EWDR, who
might have experienced rapid progression of retinopathy
and/or a long interval of untreated diabetes. Although several
studies have reported retinopathy worsening following insu-
lin injection [16, 17, 25], the mechanism underlying such a
development has remained unclear [26]. However, previous
research has hypothesized [26] that exogenous insulin acts
synergistically with vascular endothelial growth factor
expressed by the ischemic retina, thereby triggering vascular

proliferation and worsening of diabetes retinopathy. None-
theless, the mechanisms behind EWDR have yet to be eluci-
dated [21]. Studies have shown that numerous cytokines,
namely, growth hormones, insulin-like growth factor-1 [27,
28], vascular endothelial growth factor [29], and erythropoi-
etin [30], are involved in DR.

Hypoglycemia often occurs when intensive glycemic con-
trol is achieved [12] with reports suggesting a relationship
between hypoglycemia and worsening of retinopathy [31,
32]. However, other studies have also reported that hypogly-
cemia was not associated with retinopathy [33] and that
intensive treatment reduced microvascular complications
despite increased hypoglycemia [12]. Granting that a rela-
tionship exists between EWDR and hypoglycemia, new inter-
ventions, such as SU and insulin, could cause EDWR through
hypoglycemia owing to their pharmacological mechanisms.
However, subjects categorized as non-SU, who received
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F1GURE 2: Two-dimensional density plots and regression line of baseline HbAlc and AHbAlc comparing the retinopathy worsening (blue)
and nonworsening (red) groups in patients with simple diabetic retinopathy (SDR). The X-axis represents baseline HbAlc level, whereas
the Y-axis represents A3M HbAlc (a), A6 M HbAlc (b), or A12M HbAIc (c). High baseline HbAlc was associated with lower levels of
A3M HbAlc, A6 M HbAlc, and A12M HbAlc. The worsening group had greater baseline HbAlc distribution at the high region and
greater A3 M HbAlc, A6 M HbAlc, and A12 MHbA Ic distribution at the low region compared to the nonworsening group.

neither SU nor glinide nor insulin, tended to suffer from
EDWR. Therefore, hypoglycemia may not be the only cause
for EDWR. A double-blind trial [34, 35] revealed that the
GLP-1 analog semaglutide promoted more DR complica-
tions compared to placebo among high-risk patients. Given
that the GLP-1 analog apparently does not increase hypogly-
cemia, DR worsening was suggested to have been caused by
preexisting DR and the rapid improvement in glycemic
control.

Studies [4] and guidelines [36] recommend a retinopathy
follow-up interval of 6 months to 2 years among patients who
have mild NPDR given the increased incidence of retinopa-
thy requiring treatment when the fundus examination inter-
val exceeds 2 years [37]. Frequent follow-up is required in
high-risk groups with more advanced DR and high HbAlc
levels [38]. Therefore, patients with high HbAlc levels and
SDR at their first visit should be referred to an ophthalmolo-
gist within 1 year.

Previous randomized controlled trials (RCTs) [9, 14, 15]
involving patients with type 1 diabetes have identified high
baseline HbA1c, rapid improvement in glycemic control, his-

tory of DR, intensified treatment, long diabetic duration,
women, and pregnancy as risk factors for EWDR [39, 40].
Unfortunately, no large RCTs have been conducted on
patients with type 2 diabetes [21], although previous non-
RCTs [16-18, 41] have shown that high baseline HbAlc,
rapid improvement in glycemic control, intensified treat-
ment, previous DR, long diabetic duration, and bariatric sur-
gery were risk factors for EWDR among those with type 2
diabetes [19, 20]. Moreover, a previous report [15] found that
baseline HbAlc exceeding 10.1% increased the risk of EWDR
in both intensive and conventional treatment groups. There-
fore, patients with high HbAlc at their first visit need to be
mindful of EWDR regardless of treatment. Although dura-
tion of diabetes has been identified as a risk factor for EWDR
[15, 41], the current study found no significant relationship
between duration of diabetes and EWDR, with 14% (12
patients) of patients with SDR having been newly diagnosed
with type 2 diabetes. Therefore, the duration of diabetes
could have been underestimated. Similar to the previous
studies [21], the current study found that blood pressure or
lipids were not associated with EWDR.



Some limitations of the current study are worth noting.
Firstly, the number of subjects was relatively small. Due to
the limited number of subjects with PPDR, a detailed analysis
could not be performed. Moreover, no difference in the char-
acteristics of EWDR was observed between those with SDR
and PPDR. A previous study [15] showed that EWDR
occurred in 13% and 7.6% of those with type 1 diabetes
who received intensive and conventional treatment, respec-
tively. Based on such conditions, at least 962 subjects were
required to satisfy a statistical power of 80%. Therefore, the
several subanalyses conducted herein might have diminished
significance due to the small number of subjects. Secondly,
various biases inherent to retrospective studies may have
been present. For instance, treatment bias may have occurred
among physicians who were already knowledgeable regard-
ing the relationship between rapid improvement in glycemic
control and EWDR. However, our dataset comprising clini-
cal practice information from several certified diabetologists
across Japan showed that HbA1lc reduction was not hindered
in accordance with EWDR information. Finally, the short
follow-up period is a limitation of this study. If the follow-
up period had been 2 years or more, the progress of retinop-
athy may have been found in more patients.

5. Conclusion

Although initiating or changing therapy can effectively
improve glycemic control, rapid glycemic control has been
associated with EWDR. The current study identified high
baseline HbAlc and a large decrease in HbA1c as risk factors
for EWDR among patients diagnosed with SDR at their first
visit. As such, patients should be closely followed up for ret-
inopathy within a year after their first visit, regardless of the
decline of HbAlc levels and the type of hypoglycemic agents
administered.
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